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Asynergy and Morphology*
KENNETH M. KESSLER, MD, FACC
Miami, Florida
More than a century ago, the German pathologist, Rudolph
Virchow, postulated that a triad of abnormalities were key
determinants ofthrombus formation: 1) slowing of the blood-
stream, 2) changes in the vessel wall, and 3) changes in the
blood itself. Although stasis is an intuitive accompaniment of
anterior wall myocardial infarction (1), measurement of an
abnormality in blood flow awaited the development of Dopp-
ler echocardiography, Using pulsed wave Doppler ultra-
sound to map the apex, lateral wall and septal wall of the left
ventricle, Delemarre et al. (2) demonstrated the association
of abnormal blood flow patterns and apical thrombus forma-
tion, as reported in this issue of the Journal. Their study is
complementary to the work of Maze et al. (3), which showed
abnormal left ventricular flow patterns in patients with
cardiomyopathy and an apical thrombus, However, the
latter observations could not unravel the classic "chicken or
egg" dilemma. The prospective design of the current study
(2) convincingly implicates the abnormal blood flow pattern
as the cause, or at least one of the causes, of thrombus
formation in the clinical setting of acute myocardial infarc-
tion, Abnormalities in the pattern of blood flow were evident
in diastole, suggesting that the absence of diastolic recoil of
the apex of the heart was additive to the impairment of
systolic contraction in disturbing spatial flow characteristics
in the left ventricle.
Value and limitations offtow mapping to predict thrombus.
The sensitivity (100%) and specificity (84%) of an abnormal
flow pattern for predicting thrombus formation were sub-
stantial. However, the positive predictive value was 43%,
which is no better, and in fact a little worse, than identifying
apical dyskinesia alone. This moderate level of positive
predictive accuracy, combined with the experience and time
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needed to map the flow pattern accurately within the left
ventricle, suggests a practical limitation in clinical utility.
Furthermore, what is the value of a procedure that allows
one to reach only a coin toss probability of predicting
thrombus? A major value appears to be in the inverse; i.e.,
normal flow implies no thrombus. If this conclusion is
confirmed, clinical application may be directed toward safely
avoiding the risk of anticoagulation in patients with normal
left ventricular flow patterns. This approach would have
been useful specifically in those patients in the current study
(2) who showed apical akinesia or dyskinesia (n = 29) but
had a normal flow pattern (n = 13) and subsequently did not
develop a thrombus. Furthermore, a normal flow pattern
early in the course of myocardial infarction appears to
contain most of the predictive information for thrombus
formation, with flow patterns tending to normalize over
time. This represents an advantage of flow mapping over
echocardiography alone, in which serial studies are often
used to detect and characterize thrombus (4,5).
Value and limitations of apical dyskinesia to predict throm-
bus. Dyskinesia is a known accompaniment of thrombus
formation (2,4) and may be simpler to identify than abnormal
blood flow patterns. However, imaging the cardiac apex is,
at times, difficult and apical views are often foreshortened.
Total cardiac motion toward the apex in systole (6) tends to
accentuate apical dyskinesia and to obscure inferoposterior
wall dyskinesia. Theoretically, dyskinesia relates to the
lengthening of a myocardial segment, as demonstrated in the
acute phase of myocardial ischemia and infarction. How-
ever, the mature, fibrotic aneurysm probably cannot
lengthen significantly despite the common observation of
dyskinesia. Other geometric factors appear to influence the
observation of dyskinesia. In a computer-generated model
by which the radius of a sphere can be made to decrease
("contract") while the surface area of an apical cap ("in-
farcted area") remains fixed, dyskinesia can be shown to
relate to both the surface area of the apical cap and the
degree of shortening of the radius (unpublished observa-
tions; Kessler KM, Chandra R). Visual interpretation of
dyskinesia appears to relate to both the magnitude of dys-
kinesia and demarcation-i.e., a visually interpretable and
measurable change in the angle of curvature of the left
ventricular wall at the junction of normal and abnormal
myocardium (7).
Thrombus morphology and anticoagulant therapy. Jug-
dutt et al. (8) demonstrated that embolization was more
likely to occur with a mobile, protruding thrombus that was
identified in multiple echocardiographic views and attached
to an area adjacent to myocardial hyperkinesia. Although
anticoagulation in such patients apparently decreased the
rate of embolization, limitations of the approach include the
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fact that repeated echocardiographic examinations may be
necessary to identify these characteristics, which were iden-
tified after an initial thromboembolic event in more than two-
thirds of the patients studied (8,9). The current study (2) was
not controlled with respect to the use of anticoagulants and,
therefore, conclusions regarding their efficacy cannot be
drawn. The entire subject of anticoagulation in acute myo-
cardial infarction has long been a topic of debate (5,10-13)
and there has been only partial recent consensus (14).
However, the overall low incidence of clinically recognized
embolization and the known risks of anticoagulation make
identification of a subgroup at high risk for embolization
desirable.
It is noteworthy that in the study by Delemarre et al. (2)
and others cited by the authors, anticoagulation tended to
prevent embolization but not necessarily thrombus forma-
tion. This focuses attention on defining the desirable end
point for anticoagulant therapy in the clinical setting of acute
myocardial infarction. Thrombus without embolization, if
such a therapeutic distinction can be made reliable, may be
a valid end point for therapy. Although obviously conjec-
tural, a layered apical thrombus may provide a mechanical
advantage to the left ventricle by decreasing both the area of
dyskinesia and the mean left ventricle radius, thereby func-
tioning as an "autoaneurysmectomy." The duration of anti-
coagulation also remains uncertain, with both the degree of
potential resolution of thrombus (14) and bleeding complica-
tions increasing with time.
Conclusions. Current therapy directed toward salvaging
myocardium, improving regional and global left ventricular
function and limiting infarct expansion and ventricular re-
molding (15) should decrease the probability of thrombus
formation. The current study (2) strongly suggests that
normality or normalization of blood flow patterns is a
therapeutic end point needing further exploration and vali-
dation. If a normal pattern of flow can be identified reliably
and reproducibly, especially by less tedious Doppler color
flow techniques, many patients may be candidates for the
safe withholding of anticoagulants. Borderline and abnormal
flow patterns might require confirmation by more time-
consuming pulsed Doppler techniques. By eliminating the
low risk group, this strategy would identify a relatively high
risk group, often before actual thrombus formation. Obvi-
ously, appropriate studies are needed to evaluate the efficacy
of this strategy and subsequent anticoagulant therapy in such
higher risk patients.
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